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Conscious and Paralyzed
The Story of Locked-In Syndrome
By Quinn Harrigan
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What is Locked-In
Syndrome?
What is merely a nightmare
for some is a lifelong reality for
others: following a critical brain
injury, some people suffer from
Locked-In Syndrome, a condition
in which the individual cannot utter
a sound or move a muscle. One
individual living with this lockedin sensation has described his
experience, saying,

“All my senses are normal, if not
enhanced (sight and hearing).
I’m just left trapped inside this
body”1
The result of a very specific type of
brain injury, Locked-In Syndrome
is an example of an astonishing
outcome that results from the
intricacies of neural organization,
and therefore is of extreme
importance and intrigue.
Locked-in Syndrome (LIS)
is a medical condition in which an
individual loses the ability to move
the body voluntarily. The immobility
component of this condition’s
presentation is identical to that
expressed in a vegetative state (VS),
a minimally conscious state (MCS),
or an unresponsive wakefulness
state (UWS) (Figure 1). However,
unlike these states, in which the
patients lack cognitive brain
function, patients with LIS are fully
conscious; all of their thoughts and
feelings are the same as any other
healthy individual’s. Their senses
are also intact, as they are able to
perceive touch and pain. Thus, an
individual with LIS is fundamentally
a healthy individual who is totally
paralyzed. LIS has three subtypes:
classical, incomplete, and complete
LIS2. In classical LIS, the person
cannot move the body in any way,
with the exception of vertical eye
movements and sometimes blinks.

Figure 1: Motor responses and cognitive funtions in coma, Unresponsive
Wakefulness State (UWS), Minimally conscioussness State (MCS), Locked-in
Syndrome (LIS), and Complete Locked-in Syndrome (CLIS). From Guger et al.
Permissions obtained through Copyright Clearance Center

Incomplete LIS is similar, except
there is a very minimal amount of
voluntary movement preserved,
such as toe movements or head
movements3, 4. Finally, in complete
(or total) LIS, the person is conscious,
but the body cannot be moved
voluntarily and there is no presence
of eye movement2, 5. Complete LIS
is the most difficult to diagnose,
as the lone sign of consciousness
is brain function, which cannot be
detected by physicians without the
use of medical tests that examine
neural activity. Also of note: though
they cannot move, individuals
with LIS can feel both internal and
external stimuli, as their ability to
relay sensory information to the
brain is not compromised by LISspecific injuries5. In sum, all forms
of this condition present with some

degree of total paralysis, and
individuals can communicate with
eye movements in all cases except
complete LIS.
Being conscious yet incapable of movement is a frightening
and foreign concept to many,
and it may be difficult to truly
conceptualize. Topulos, Lansing,
& Banzett (1993) wanted to really
understand this experience and
attempted to do so in their study
at Brigham and Women’s Hospital
of Boston, Massachusetts. In this
experiment,
three
respiratory
physiologists volunteered to be
immobilized using a paralysisinducing
drug,
vecuronium6.
This drug blocks the chemical
acetylcholine,
which
induces
muscular movement, from the
muscles. As a result, the mind
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is left unaltered while the body
is temporarily paralyzed, just
like in LIS7. However, unlike in
LIS, participants were able to
communicate with the researchers
using their right fingers, which were
downstream from a tourniquet,
which is a mechanism that
compresses the blood vessels so
that the flow of blood is stopped
downstream from the point of
compression. The positioning of
the tourniquet allowed participants
to move their right fingers because
the vecuronium did not reach their
right hands6. Prior to the start of
the experiment, a system of finger
signals was established so the
participants could indicate if they
were feeling uncomfortable and
required analgesic medication,
which
would
eliminate
all
6
discomfort . Heart rate, blood
pressure, and a plethora of other
physiological
measures
were
analyzed during the procedure.
Immediately after emerging
from the paralyzed state, the
volunteers reported on their
experiences. One of the complaints
voiced by the participants was
the discomfort of the intubation
procedure (i.e., when a tube is
inserted in the patient’s throat and
hooked up to a machine to breathe
for the patient). The participants
reported discomfort surrounding
the insertion of the tube, and all had
experienced a feeling of gagging6.
One subject even voiced that he
felt he was being inadequately
ventilated, even though, as a
professional, he knew this was not
the case6. Finally, the only time the
volunteers felt extremely anxious
during the procedure was when
they feared losing their ability to
communicate with the researchers6.
From these retrospective accounts,
we may attempt to understand
how patients with LIS experience
their condition. The study’s results
indicate that lack of communication
and the physical discomfort of
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awake intubation are some of the
most distressing parts of conscious
paralysis. Fortunately, LIS patients
do not have to endure the stress of
awake intubation forever; they are
frequently given tracheostomies,
which
are
breathing
tubes
inserted through an opening in
the throat (i.e., the trachea) and
are a better, more comfortable
long-term modification. Finally,
the participants of this study were
experienced professionals familiar
with this process; one can only
imagine what it must feel like to
experience this situation without
this knowledge and without any
way to communicate with others.

Where Does It
Come From?
History and Causes of
Locked-In Syndrome
Medical authors, Plum
and Posner, termed Locked-In
Syndrome in 19662. However, this
was not the first recorded account
of the condition; Dumas’ The
Count of Monte Cristo, published
in 1845, is thought to be the actual
first description of LIS. In this
book, the character “Herein” is a
corpse that uses only eye-blinks
to communicate2. Author Emile
Zola created a similar character in
his book, Thérse Raquin, written in
1868, exhibiting that this condition
was conceptualized long before the
name LIS emerged in 19662. Since
then, the conversation surrounding
LIS
has
grown:
individuals
diagnosed with LIS have written
books and influenced movies
surrounding their experiences.
One of the most famous is JeanDominique Bauby’s memoir The
Diving Bell and the Butterfly, which
he wrote by blinking his left eye to
indicate individual letters8. Bauby
was the editor of the French fashion

magazine, Elle, until suffering from
a stroke in 1995. Bauby also notably
started the French “Associate
du Locked-In Syndrome,” which
now has a total of 367 registered patients6, 8. Hence, though it
was only scientifically defined in
the mid-twentieth century, the
world has been aware of LIS for
hundreds of years, and awareness
is continually growing.
Although LIS is extremely
rare, its most common cause
should sound familiar to people
from all walks of life: strokes,
or
cerebrovascular
accidents,
are decreases and/or increases
in blood flow to a specific area
of the brain causing temporary
or permanent brain damage8,9.
Strokes can be either ischemic
or hemorrhagic. Ischemic strokes
involve a blood clot that blocks an
artery and cuts off blood supply to
an area(s) of the brain (Figure 2; 1a,
2a). Hemorrhagic strokes are the
bursting of a blood vessel due to
blockage or weakness of the vessel
(Figure 2; 1b, 2b)9. Typically, when
such damage occurs, potassium
increases dramatically at the
point of injury; this proliferation of
potassium indicates a decreased
ability to maintain chemical
balance within the brain. Following
this occurrence, the cellular space
immediately affected by the blood
vessel injury begins to die10,11. Rescue
cells (macrophages) surround the
area immediately adjacent to the
injury site, repairing what is possible, and the remaining damage
plateaus,
leaving
permanent
neuronal wounds10. In order for LIS
to develop, the cerebrovascular
accident has to occur in a part of the
brain that communicates messages
between the brain and the body:
the ventral pontine region. Further,
if this injury is due to a stroke
rather than trauma, the stroke must
occur within the basilar artery5,8,12.
Damage to this part of the brain is
uniquely able to disrupt the signals
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cases. Finally, the patient’s ability to
follow verbal commands with her
eyes highlights the complex nature
of the condition, as her mind was
fully operational, though her body
was incapable of function.

How Can We
Tell Someone is
“Locked In?”

Figure 2. Hunt, Elinor. (2018). Ischemic Stroke [PNG]. Retrieved from
Creative Commons
sent from the brain to the body,
by way of motor neurons, causing
paralysis. However, this specific
location and artery damage results
in the preservation of sensory
signals that travel back to the brain
from the body, by way of sensory
neurons5,8,12. Additionally, most LIS
cases exhibit an ability to control
vertical eye movement and blinking due to the sparing of individuals’ eye-signaling mechanisms,
the supranuclear ocular motor
pathways8. Finally, LIS patients’
preservation of consciousness
results from the conservation of
the cerebral hemispheres and the
reticular formation, which are neural
structures involved in higher-order
cognition8.
LIS does not always occur
in an instant, but, rather, commonly
transpires after initial symptoms of
stroke or brain injury appear and
worsen. Case studies most expertly
explain this evolution from symptom appearance to development
of LIS. One such example involves
a 76-year-old woman with hypertension and plaque buildup
within her arteries12. One day she
discovered that she was unsteady
on her feet after awakening from

a nap, and that her speech had
become slurred and slowed.
Furthermore, she had experienced
leftward deviation of the tongue
and eye gaze, and her left hand and
upper arm had become paralyzed.
She also eventually developed left
central facial nerve palsy, which
is the paralysis of the left side of
the face caused by the loss of
central facial nerve function13.
After being treated at the hospital,
her conditions worsened, and she
became totally paralyzed. When
doctors discovered she could
follow verbal commands with her
eyes, she was diagnosed with LIS12.
Sadly, a scan revealed that the
patient had experienced a stroke
that had affected her brainstem
in the precise way necessary to
develop LIS. Eventually she died
of pneumonia. This woman’s story
provides an instance in which
stroke symptoms materialized and
eventually evolved to a LIS state.
The gradual emergence of stroke
symptoms and total paralysis, with
the exception of the eyes, reveals
how LIS can arise from minute
symptoms, such as unsteadiness,
and that its presentation does not
dramatically differ from other stroke

As previously mentioned,
the presentation of LIS is extremely
similar to that of the “disorders of
consciousness,” such as vegetative
states (VS); both LIS patients and
VS patients cannot engage in
voluntary movement or breathe on
their own8. Yet, LIS patients are fully
conscious and can perceive external
and internal stimuli (including
pain), and VS patients do not have
either of these characteristics.
Thus, the importance of being
able to distinguish between these
states is of the utmost significance. Technological advancements
have facilitated the emergence
of a variety of ways to detect if
a person is conscious. One way
brain function can be recognized
is through patient participation
in electroencephalography (EEG)
paradigms that focus on the
elucidation of consciousness. EEG
is the monitoring of the electrical
signals produced by neuronal cells
(neurons), which “fire” during brain
activity. In 2018, a research team
compared LIS, VS, and healthy
control brain activity during an
examination of this type, asking
participants to focus and not
focus on flashing yellow and red
“interlaced
square”
patterns,
respectively14. LIS patients and
healthy controls exhibited EEG
evidence of command following,
while the VS patients did not14.
The authors also highlighted that
this type of neural examination
can occur at the patient’s bedside
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and only requires small attention
spans, as each stimulus was only
displayed for five seconds and each
trial lasted for five minutes. Quick
stimuli presentation is crucial for
LIS analysis because attention for
long periods of time may fatigue
individuals with LIS and result in
inaccurate results14. Thus, new
methods such as this attentionbased EEG paradigm provide
opportunity for consciousness to
be understood quickly and with
ease.
However, this type of assessment is not 100% dependable;
many persons experiencing LIS
are not able to follow commands
with their eyes right away. This is
because LIS may occur following
a coma period, after which the
individual
may
spontaneously
“awaken” and be fully conscious15.
For this reason, other methods
of examination are needed that
assess
patient
consciousness
without necessitating active patient
involvement with a procedure.
Positron emission tomography
(PET) scanning has recently been
used to examine neural blood
sugar (glucose) metabolism in
brain-damaged patients in order
to reveal which areas of the brain
are functioning16. In 2018, a
research team used this method
to search for neural activation in a
LIS patient by tracking patterns of
injected 18F- fluorodeoxyglucose,
a radioactive molecule that
attaches itself to glucose. When
it is broken down, the radioactive
molecule emits a signal that can
be tracked by the PET scanner
indicating which parts of the brain
are using the glucose17,18. Analysis
of a LIS patient with this method
found that that all regions but the
patient’s cerebellar areas (which are
movement-specific) metabolized
the radioactive molecule, indicating
this patient did not have function in
this region16.
Another promising tech-
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nique that enables perception of
consciousness without necessitating voluntary body or eye
movement is the examination of
resting-state networks, which are
patterns of co-activity between
the different areas of the brain [8].
A 2016 study recently proposed
the examination of resting LIS
patients, healthy controls, and VS
patients using functional magnetic
resonance
imaging
(fMRI)15.
fMRI is an imaging technique
that utilizes blood-oxygen-leveldependent analysis, a method
that analyzes oxygen flow in the
brain, therefore examining which
areas are active during the fMRI
procedure. Though this technology
is commonly used to track brain
function during paradigms, analysis
of resting-state networks using
fMRI looks promising. Resting-state
networks can take many forms,
and a frequently studied type
is the “default-mode network.”
Default-mode networks are highlevel resting-state networks that
are active when a person is at
rest, and, specifically, when a
person is focused on the self15.
A self-focused network may be
useful for analysis of patients with
LIS, as they may be focused on
the self because of their limited
ability to interact with the world
around them. When comparing LIS
patients’, healthy controls’, and VS
patients’ default-mode networks,
researchers found that LIS patients’
and healthy controls’ defaultmode networks were virtually
indistinguishable, while those of
the VS patients did not resemble
LIS or controls participants15. Thus,
this method distinguished between
conscious and unconscious brains
without
necessitating
active
patient participation (i.e., verbal
responses, active focus, etc.).
Such an advancement is crucial
not only because a patient may
be only temporarily comatose, but
also because patients with total or

complete LIS may never be able to
signal with their eyes.
Though the previously
described analyses of LIS neural
activity are exciting and promising,
they are still being altered and
can only be considered potential
assessments. Therefore, utilizing
resting-state, standard EEG activity
is still the typical method of
evaluation19. As mentioned earlier,
EEG can be used to assess brain cell
(neuron) electrical activity during a
certain stimulus presentation. But,
EEG can also monitor brain activity
without stimuli presentation19.
For example, currently, when
presented with a patient who may
be either in a VS or a LIS state, EEG
is used to examine whether certain
consciousness-indicating
brain
activity is present. EEG activity is
displayed via oscillating waveforms,
which are the compilation of
continuous
electrical
activity
produced by the brain. When
brains of LIS patients are examined
using this technology, physicians
look for waveform responses to
sensory stimulation or cognitive
load, and/or alpha waves, which
are characteristic of relaxed yet
conscious persons (Figure 3)19.
Finally, patients have also
been discovered to be in a LIS state
rather than a VS after being asked
to imagine moving their limb while
being monitored by EEG. Such
imagination results in altered EEG
activity, and, thus, patients have
discovered to be experiencing LIS,
not a VS19. Therefore, EEG is used
in a variety of ways to examine
the presence of consciousness
in patients with possible LIS, and
will most likely continue to be the
standard until other methods of
analysis trump its efficacy.
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Figure 3. Gamboa, H. (2005). Alpha Waves, An EEG (electroencephalograph) 1
second sample [PNG]. On CC

Quality of Life
in Patients
With Locked-In
Syndrome
The processes discussed up
to this point are those that initiate
the occurrence and discovery of
the LIS condition; but there is also
much to be considered after LIS
diagnosis. Eighty-three percent
of stable patients with LIS live 10
years after their cerebrovascular
accident, and 40% live 20 years
after8. Naturally, adjusting to their
new state of being becomes a
major challenge for such patients.
Thus, assessments that evaluate
the quality of life of individuals with
LIS are factors of great importance.
A 2015 longitudinal study of
persons with LIS attempted to
analyze patient quality of life over
time, seeing which factors are most
influential in life improvement20.
Recruiting 67 participants from
the French Association of LockedIn Syndrome, the researchers
asked a series of questions about
participants’ lives once in 2007 and
again in 2013. Sociodemographic
information was collected (e.g.,
martial status, clinical data,
education level, etc.) and analyzed,
but the main form of quality of life
assessment was obtained using
the Anamnestic Comparative SelfAssessment (ACSA), which is a
questionnaire that compares level
of satisfaction between memories
of individuals’ past and present
states20. Researchers found that

most of the participants were using
communication devices and electric
wheelchairs that enabled relative
autonomy20. Additionally, 70% of
patients in this study described a
stable or increased level of quality
of life. However, 44% of patients
interviewed suffered from chronic
pain, 55% suffered from mood
or anxiety disorders, and 27%
experienced suicidal ideation. The
final item proved to be a statistically
significant influence on patient
quality of life scores, as did patients’
ability to communicate outside of
a yes-no code (i.e., the use of the
eyes to indicate yes or no). Finally,
quality of life surprisingly did not
relate to the length of time since
LIS diagnosis or the extent of
LIS symptoms20. Thus, this study
revealed that LIS individuals with
autonomy and relative ease of
communication are more likely to
have good quality of life scores,
irrespective of sociodemographic
measures or other disease factors.
Yet, issues such as suicidal thinking
and communication difficulty can
lead to decreased quality of life, and
should be specifically considered
by caretakers of individuals with
LIS.
As the previous study
evidenced, individuals with LIS rate
their quality of life to be relatively
high, given their circumstances8,20.
Still, another aspect to take into
account when assessing LIS
individuals’ level of comfort is
others’ perceptions of LIS. In this
case especially, such assessment
should be taken quite seriously,
as individuals with LIS must rely

on others to do tasks that involve
voluntary movement. Studies have
shown that caretaking populations
tend to believe that life with LIS
is worthless, stating that they
would not want to live in such a
condition8. Demertzi, Jox, Racine,
and Laureys (2014) examined this
concept in detail, analyzing 3332
questionnaires concerning LIS
quality of life completed by medical
professionals from international
medical conferences21. The questionnaires asked whether the
medical professionals would wish
to be kept alive if diagnosed with
LIS, whether LIS is worse than
other vegetative or minimally
conscious states, and more
similarly hypothetical questions.
Further, questions also concerned
participants’ understanding of
LIS as a condition and assessed
whether health professionals understood LIS pain experiences.
Analysis of the feedback revealed
that most respondents understood
LIS patients could feel pain and
believed treatment should not be
stopped in LIS patients21. Yet, most
medical personnel also believed
that LIS was worse than other
vegetative or minimally conscious
states, and, if diagnosed with LIS,
they would not want to be kept
alive21. Finally, most also believed
that having a family member with LIS
would be more difficult than having
a family member in a vegetative
or minimally conscious state21. As
mentioned, LIS patients do not feel
that their lives are not worth living,
and many have stated that they
would not consider euthanasia8,21.
Therefore, the discrepancy between
medical professionals’ views of LIS
and the patients’ views of their own
conditions should be reconciled
to enable the most accurate
assessment of patient need;
medical professionals potentially
interacting with LIS patients and
their family and friends need to
understand that this diagnosis,
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though life-changing, is not lifeending. In doing so, medical
professionals may be able to better
present the diagnosis to these
individuals and also ensure proper
care and treatment.

Where Do We Go
From Here?
Advancements and
Future Directions

In discussing the quality
of life of individuals with LIS,
it is also important to note the
method through which assessment
is achieved. In the previously
mentioned studies, questionnaires
were answered using an electronic
communication device or with the
help of a caregiver20. However,
issues arise when assessing other
types of information outside
of questionnaire capability; for
instance, though the injuries which
result in LIS are localized in such a
way that they spare consciousness,
there have been some reports of
reduced cerebral metabolism in
LIS patients, indicating decreased
cognitive function22. Additionally,
reports of attention and memory
issues have been noted on LIS
patients’ self-reported evaluations.
Yet, this form of report is subjective,
only assessing what patients can
and want to report. So, steps
must be taken moving forward
to facilitate more ways to assess
the capabilities of individuals
with LIS. Advancements have
been made within the field of
cognitive assessment: Schnakers
et al. (2008) developed modified
standard neuropsychological tests
in order to examine LIS individuals’
cognitive function22. Examples of
such modification included altering
the backward digit span task so that
participants only had to indicate
whether the string of numbers
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was the same or different. Further,
executive functioning was assessed
using an altered yes/no version of
the Wisconsin Card Sorting Task.
Finally, verbal intelligence was
assessed using a Peabody Picture
Vocabulary Test; the participants
determining which of the pictures
corresponded to a target word.
Controls in this study completed
the tasks using only their eyes to
ensure data uniformity. Out of the
10 LIS participants in this study,
four had scores in normal range
for all examinations22. However, in
the memory, auditory attention,

language, and executive function
categories, there were two to
four LIS patients that showed
impaired performance, indicating
that brain damage of some type
had diminished the cognitive
functioning of these LIS patients.
Therefore, this altered mode of
cognitive assessment, made for
those with LIS who cannot respond
verbally or using movement,
proved to be able to properly
assess LIS cognitive capability22.
Such work is one example of the
necessary direction of movement
toward better assessment and,

Figure 4. Pictoral representation of BCI by Vansteensel et al. (2018). Apdapted
from “Fully Implanted Brain-Computer Interface in a Locked-In Patient with LIS,”
by M.J. Vansteensel. 2018. The New England Journal of Medicine, 375(21),
2062.
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thus, better understanding of LIS
patients and their predicaments. To
achieve better lives for the patients
post-injury, more advances of this
type must be made.
Another amazing development that has been recently
examined is the potential for braincomputer interface utilization in
individuals with LIS. In October
2018, Vansteensel et al. published a
piece in the renowned New England
Journal of Medicine showcasing
a brain computer interface that
allowed a LIS patient to be able to
simply think of hand movements
in order to spell out a word on
an computer typing program23.
More explicitly, the subject of the
study, a 58-year-old woman whose
amyotrophic lateral sclerosis had
progressed to the locked-in state,
had electrodes implanted on her
brain and a wireless radio device
inserted in her abdomen (Figure

4). The devices allowed her to
communicate with a computer
specially designed to enable her to
mentally spell out words. To do so,
she had to imagine moving her arm
or relaxing her arm, which would
move the mouse on her computer
in different directions. To click a
desired letter on the screen, the
participant thought of a “click” in
her head, which was converted to
an actual “click” on the computer.
The refinement of this process
took many rounds of algorithm
reorganization but was ultimately
successful in enabling independent
communication (though at a rate
of two letters per minute)23. The
communication method created
by this group could be utilized by
LIS patients that cannot employ
conventional
techniques,
like
eye-tracking devices. Such work
represents more necessary forward
movement within the field of LIS

patient care.
To some, LIS may sound like
a frightening nightmare. Even in
this state, however, individuals with
LIS report relatively high quality of
life levels. Additionally, more and
more advancements are being
made to ease patient lifestyle and
to facilitate better understanding
of the condition. To promote this
forward movement, it is important
for medical personnel and the
general public to know about this
condition, its limitations, and the
remaining capabilities of these
individuals. This article intended
to highlight the various aspects of
the condition and bring it to the
attention of the public outside
of the neuroscience sphere. By
taking note of this condition and
scrutinizing its intricacies, we give
value to these individuals’ lives and
their pursuit of happiness despite
their situation.

Hospital Room By “vitalworks” on Pixabay

68

SCIENTIFIC KENYON

References
[1] Chisholm, N., & G. Gillett (2005). BMJ. The patient’s
journey: living with locked-in syndrome. doi 10.1136/
bmj.331.7508.94.
[2] Laureys, S., F. Pellas, P. Van Eeckhout, S. Ghorbel, C.
Schnackers, F. Perrin, J. Berré, M-E. Faymonville, K-H
Pantke, F. Damas, M. Lamy, G. Moonen, S. Goldman (2005).
Prog. Brain. Res. The locked-in syndrome: what is it like to
be conscious but paralyzed and voiceless? DOI: 10.1016/
S0079-6123(05)50034-7
[3] Carrington, S., & J. Birns, J. (2012). Prog. Neurol. Psych.
Establishing capacity in a patient with incomplete locked-in
syndrome. doi: doi.org/10.1002/pnp.257
[4] Surdyke, L., J. Fernandez, H. Foster, P. Spigel (2017).
Case Rep. Neurol. Med. Differential diagnosis and
management of incomplete locked-in syndrome after
traumatic brain injury. doi: 10.1155/2017/6167052
[5] Bauer, G., F. Gerstenbrand, E. Rumpl (1979). J. Neurol.
Varieties of the locked-in syndrome. DOI: 10.1007/
BF00313105.
[6] Topulos, G.P., R.W. Lansing, R.B. Banzett (1993). J.
Clin. Anesth. The experience of complete neuromuscular
blockade in awake humans. DOI: 10.1016/09528180(93)90099-Z
19[7] Vecuronium. (n.d.). Retrieved December 2018,
from https://www.drugguide.com/ddo/view/Davis-DrugGuide/109869/all/vecuronium
[8] Vidal, F. (2018). Neuroethics. Phenomonology of the
locked-in syndrome: An overview and suggestions. DOI:
10.1007/s12152-018-9388-1.
[9] Mayo Clinic Staff. “Stroke”. Webpage. Retrieved
October 2018 from https://www.mayoclinic.org/diseasesconditions/stroke/symptoms-causes/syc-20350113.
[10] Nedergaard, M. (1987). Acta Neuropathol. Neuronal
injury in the infarct border: A neuropathological study in the
rat. PMID: 3618118
[11] Strong, A.J., G.S. Venables, G. Gibson (1983). J. Cereb.
Blood Flow Metab. The Cortical ischaemic penumbra
associated with occlusion of the middle cerebral artery in
the cat: 1. topography of changes in blood flow, potassium
ion activity, and EEG. DOI: 10.1038/jcbfm.1983.11.
[12] Liu, J., S. Tuhrim, J. Weinberger, S.K. Song, P.J.
Anderson (1983). J. Neurol. Neurosurg. Psychiatry.
Premonitory symptoms of stroke in evolution to the lockedin state. DOI: 10.1136/jnnp.46.3.221.
[13] Facial nerve palsy. (2018). Retrieved December 2018,
from https://www.amboss.com/us/knowledge/Facial_
nerve_palsy
1[14] Lesenfants, D., D. Habbal, C. Chatelle, A. Soddu, S.

69

Laureys, Q. Noirhomme (2018). Clin EEG Neurosci. Toward
an attention-based diagnostic tool for patients with lockedin syndrome. DOI: doi: 10.1177/1550059416674842.
[15] Roquet, D., J.R. Foucher, P. Froehlig, F. Renard, J.
Pottecher, H. Besancenot, F. Schneider, M. Schenck, S.
Kremer (2016). Neuroimage Clin. Resting-state networks
distinguish locked-in from vegetative state patients. DOI:
10.1016/j.nicl.2016.06.003.
[16] Cistaro, A., G. Lo Bianco, P. Fania, S. Margotti, S.
Vigneri, C. Geraci, N. Quartuccio (2018). Indian J. Nucl.
Med. Locked-in syndrome and 18F- fluorodeoxyglucose
positron emission tomography/computed tomography:
Observations from a case of basilar artery thrombosis. DOI:
10.4103/ijnm.IJNM_85_17.
[17] Positron Emission Tomography (PET Scan). (n.d.).
Retrieved December 20, 2018, from https://www.
hopkinsmedicine.org/healthlibrary/test_procedures/
neurological/positron_emission_tomography_
pet_92,p07654
[18] Newberg,, A. Alavi, A., & Reivich, M. (2002).
Determination of regional cerebral function with FDGPET imaging in neuropsychiatric disorders, Seminars in
Nuclear Medicine, 32, 13-34. doi: https://doi.org/10.1053/
snuc.2002.29276
[19] Kotchoubey, B. and M. Lotze (2013). Restor. Neurol.
Neurosci. Instrumental methods in the diagnostics of
locked-in syndrome. DOI: 10.3233/RNN-120249.
[20] Rousseau, M-C., K. Baumstarck, M. Alessandrini, V.
Blandin, T. Billete de Villemeur, P. Auquier (2015). Orphanet
J. Rare Dis. Quality of life in patients with locked-in
syndrome: Evolution over a 6-year period. DOI: 10.1186/
s13023-015-0304-z.
[21] Demertzi, A., R.J. Jox, E. Racine, S. Laureys (2014).
Brain Inj. A European survey on attitudes towards pain
and end-of-life issues in locked-in syndrome. DOI:
10.3109/02699052.2014.920526
[22] Schnakers, C., S. Majerus, S. Goldman, M. Boly, P.
Van Eeckhout, S. Gay, F. Pellas, V. Bartsch, P. Peigneux, G.
Moonen, S. Laureys (2008). J. Neurol. Cognitive function in
the locked-in syndrome. DOI: 10.1007/s00415-008-0544-

0

[23] Vansteensel, M.J., E.G.M. Pels, M.G. Bleichner, M.P.
Branco, T. Denison, Z.V. Freudenburg, P. Gosselaar, S.
Leinders, T.H. Ottens, M.A. Van Den Boom, P.C. Van Rijen,
E.J. Aarnoutse, N.F. Ramsey (2016). N. Engl. J. Med. Fully
implanted brain-computer interface in a locked-in patient
with LIS. DOI: 10.1056/NEJMoa1608085.

SCIENTIFIC KENYON

Inner Nuclear Layer of Retina. Page from Images Formed in Darkness by Samantha Monoyta

70

